Introduction
The brain arteriovenous malformation (brain AVM) is the most frequent intra-cranial symptomatic vascular malformation, being the second most common cause of spontaneous cerebral haemorrhage in an adult 1 . It is usually diagnosed before the age of forty and according to Olivecrona and Yasargil, a higher occurrence in males is noticed. A brain AVM can show itself clinically in different ways, being the most frequent intra-cranial haemorrhage -68% to 72% (parenchymatosis, intra-ventricular, subarachnoid or combined), epilepsy -18% to 25%, neurological progressive deficit -7% and headache with an incidence between 5% and 35% 2 . The occurrence of intra-cranial haemorrhage in a brain AVM has been estimated between 2% to 4% yearly, increasing the risk of a re-haemorrhage to 6% yearly, with a mortality of 10% to 15% for each haemorrhagic accident 3 .
The problem -to treat or not a brain AVMhas been the object of countless studies, sometimes non-agreeable 4 . It must be emphasised
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The crucial question -treat or not a brain arteriovenous malformation -has been the object of many studies, sometimes contradictory. The authors analyse retrospectively, clinically and angiographically, the results of the intra-arterial embolization in the treatment of 106 patients with brain arteriovenous malformation. The endo-vascular therapy was palliative or curative in 46% of the cases, in 30% of the patients the embolization was pre-surgery and in 18% the intra-arterial occlusion was pre-radiosurgery. In 6% the therapeutic protocol included embolization with surgery and radiosurgery. Cyanocrylate was used in 89% of the cases, and in 10% of the patients the embolic material used was Ethylene -vinyl alcohol copolymer -EVOH (Onyx). In this series 11% of total morbidity occurred -transitory in 8% and settled with permanent neurological deficit in 3% of the patients. The mortality post-embolization was 2% and the total mortality post-embolization and surgery was 3%. Total angiographic exclusion immediately post-embolization was confirmed in 24% of the cases. The mean period for clinical and angiographic follow-up was 38 months. 72 patients -77% of the cases discharged from hospital showed complete exclusion of the lesion after the different combined therapeutic strategy -embolization, surgery and radiosurgery. New retrospective and long-term 82 that is difficult to compare the results obtained in patients treated in a conservative manner with the ones submitted to invasive therapeutics, considering the fact that the great majority of the series are retrospective, including selected cases, not mentioning the time break that precedes or follows the diagnosis. In the cooperative study -Perret and Nishioka 5 found a mortality of 5% in untreated cases and 12% in patients submitted to surgery. Under these circumstances, Perret and Nishioka defend that the validity of the surgery implies mortality inferior to 10% and post-operating morbidity better or comparable to patients treated in a conservative manner. The therapeutic approach of the brain AVM has known, in the last decades, profound alterations with fast progress as far as microneurosurgery techniques 1 , endo-vascular therapy 6 and stereotactic radiosurgery 7, 8 . This new reality demands new long-term retrospective and prospective studies, based on the actual therapeutic protocols, used separately or associated in a way that results decurrent from the synergism of these various treatments can be obtained.
Patients and Method
The Neurovascular Pathology Section of the Department of Neurosciences at Hospital Sta. Maria -University of Lisbon -has treated, up to now, 112 patients with brain AVM. From this total, 6 cases of patients treated with our collaboration at other hospital units were excluded. Therefore, therapeutic protocols and results of 106 patients are analysed, from which 10 are still under treatment. As far as all these patients are concerned, the therapeutic orientation was decided in a joint meeting of Neuroradiology, Neurosurgery and Neurology -Neurovascular group. The endo-vascular interventions were performed under sedation and neuroanalgesia until 1998, this orientation being motivated by the systematic realization of Amytal Test in the intra-arterial embolizations. The abandonment of this neurofunctional evaluation test determined that presently, in our institution, the intra-arterial embolization in the brain AVM be performed under general anaesthesia. The pharmacological protocol during the endo-vascular occlusion includes steroids I.V., heparinization with 10.000 to 5.000 units in bolus, followed by 1.000 units/hour and when necessary, intra-arterial Nimodipine -va-sospasm. With the exception of some cases where venous thrombosis is suspected, Heparine is reverted at the end of surgery. In deep and posterior fossa brain AVM, the intervention is performed with controlled arterial hypotension, which is maintained in the first 24 hours post-embolization. The diligences taken post-endovascular occlusion include 24 hours in the Intensive Care Unit and the great majority of patients are discharged on the fourth day post-embolization. In brain AVM's with larger dimensions -more than 3cms, it is our policy, whenever possible, to program various interventions -serial embolizations. Surgery and radiosurgery, when suggested, are usually performed between the 2 and 4 weeks post-embolization, when intense inflammatory reaction is no longer noticed and the haemodynamic alterations are stabilised. Most of our cases present themselves clinically with haemorrhage. The patients' age varied between 6 and 70 years and a discreet predominance of the male sex was identified. With regards to lesions treated, the majority is localised on the left cerebral hemisphere -50%, with a slight bigger incidence on the temporal lobe. The therapeutic strategy was the curative embolization in 33% of the patients. As embolic material we used Cyanocrylate in 95 of the cases. It is important to emphasize however that since 2003 Ethylene -vinyl alcohol copolymer -EVOH (Onyx) has been used more often -10 patients. In our series the clinical and angiographic follow-up of the patients treated by endo-vascular approach has a mean period of 38 months.
Results
A complete angiographic exclusion of the brain AVM immediately after an intra-arterial embolization was observed in 24 patients (figure 1). As far as the follow-up -latter morphological angiographic results -this increases significantly, with emphasis on the complete exclusion of the lesion in 77% of the cases treated with different therapeutic protocols, namely embolization and surgery (figure 2), embolization and radiosurgery ( provement or without worsening of the symptoms.
Discussion
A brain AVM is usually diagnosed before the age of 40, corresponding to 72% of the cases of our series. This lesion presents a cumulative risk of haemorrhage of 4% yearly 4 , translated in its clinical presentation -53% of our patients showed cerebral haemorrhage. In spite of some authors like Aminoff and Elstein having preconized a more conservative treatment, the age group and the haemorrhagic risk already referred to, have supported an invasive thera-peutic indication, aiming at the surgical removal of the brain AVM or excluding it from the circulation by means of intra-arterial embolization or radiosurgery 6 . The management of these vascular malformations can also involve various associated forms of these therapeutic modalities. In our series 32% of the patients were treated with curative embolization (figure 5), 30% with pre-operative embolization ( figure 6 ), pre-radiosurgery embolization was performed in 17% of the cases (figure 7) and embolization with surgery and radiosurgery was done in 6% of the patients. A partial target embolization came to 13% of the series and it must be pointed out that stabiliza- tion of the symptoms occurred in most of the patients treated with palliative arterial occlusion. Although Cyanocrylate had been used as embolic material in 95 of the analysed cases, in the last 2 years the number of brain AVM treated with Ethylene -vinyl alcohol copolymer -EVOH (Onyx) -has increased significantly -10 patients 9 . In one case the afferent artery of the vascular malformation was occluded presurgically with coils. In our institution other embolic materials such as PVA particles, silk and Ethanol are not used in brain AVM embolization 10 . The Amytal Test 11 was systematically used for pre-embolization neurofunctional evaluation until 1998. Since then, the non-significant results obtained with this physiologic testing associated with the implementation of intranidal microcatheterism and the necessity of general anaesthesia led to its progressive abandonment. With regards to the utilization versus non-utilization of Heparine during an endovascular intervention in brain AVM 12 , it is still part of our protocol to perform the embolization under heparinization. With this orientation it must be pointed out that in our series only 3 transitory ischemic events occurred, all with no evidence of thromboembolic problems, and one case of post-embolization quadrantopsy also showed no evidence of inadverted arterial occlusion. When analysing the technical complications, the 3 cases of microcatheters trapped in the arterial feeder, as it was mentioned by other authors 13 , did not condition clinical problems. In the 2 cases of post-embolization mortality, one was caused by Cyanocrylate reflux to the basilar artery and the other resulted from delayed left temporal haemorrhage -partial venous outflow occlusion 14 . Regarding morbidity, we also refer 2 cases of right temporal hematoma with favourable neurological evolution and which were also related to venous occlusion. These occurrences confirm the importance of an adequate time of Cyanocrylate polymerisation, as well as a strict control of its injection. As far as the clinical outcome, and in spite of being a small series, the 94% of cases considered of favourable evolution stand out, which seems to confirm the actual impact of intra-arterial embolization in the treatment of brain AVM.
Conclusions
Nowadays, intra-arterial embolization holds a central position in the therapeutic protocol of the brain AVM. It can be used on its own -cu-rative or palliative, and can be associated with surgery and radiosurgery.
The indication for brain AVM embolization and respective therapeutic protocol must be sensible, considering the risk/benefit and involves a multidisciplinary team dedicated to the Neurovascular Disease -Interventional Neuroradiologists, Neurologists, Neurosurgeons.
The enormous progress in microcatheter and microguiding systems, as well as the appearance of new embolic materials -Onyx, made possible that a higher percentage of patients with excellent clinical outcome and the reduction of morbidity and mortality in the endovascular intervention be achieved.
New long-term retrospective and prospective studies based on therapeutic arterial protocols are necessary to evaluate with rigour a new therapeutic reality in brain AVM.
